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a second gat^lectrode formed on said second gate insulation film, and 
^ ol) ^ ^'^^ im^ation film formed at least on side of said second gate insulation 

fe/^film and having said secondrb^ative permittvity, 

wherein, when a cross-sec\n on a side of said first channel is SI, a cross-section on £ 
side of said first gate electrode is S2, aWss-section on a side of said second channel is S3, 
and a cross-section on a side of said second^te insulation film is S4, a condition of: 

S2/S1 >S4/S3 
is satisfied, and 

an area of a bottom part of said first gate electrode\contact with the first gate 
insulafion film is- larger than an area of an upper part of said fu^ate insulation film, and an 
area of a bottom part of said second gate electrode in contact with tl^second gate insulafion 
film is larger than an area of an upper part of sa id second gate insulation^ 

remarks: 

Favorable reconsideration of this application as presently amended and in light of the 
following discussion is respectfully requested. 

Claims 1-12 are presently active in this appUcation. Claims 1, 6, 9, and 10 have been 
amended. 

In the outstanding Office Acfion, the fitle of the invenfion was objected to for not 
being descripdve. Claims 1-12 were rejected under 35 U.S.C. §112, first paragraph, as 
containing subject matter which was not described in the specificafion.^ Claims 1, 2, and 4-9 
were rejected under 35 U.S.C. §102(e) as being anficipated by Krivolc.p ir. .f .1 (U.S. Pat. 



'Applicants interpret this rejection in light ofthe specific idenfifications of 
mdefimteness listed after the stated 35 U.S.C. §1 12, first paragraph, rejection. 
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No. 6,100,598). Claims 3, 10 and 1 1 were rejected under 35 U.S.C.§103(a) as being 
unpatentable over Krivokapic et al (U.S. Pat. No. 6,100,598). Claim 12 was indicated as 
being allowable if rewritten to overcome the rejection(s) under 35 U.S.C. §112 set forth in the 
outstanding Office Action and to include all of the limitations of the base claim and any 
intervening claims. 

Regarding the 35 U.S.C. §1 12 rejection, the specific identifications of indefmiteness 
listed in the outstanding Office Action have been addressed in the claim amendments. The 
phrases "assuming" and "is assumed" have been removed fi-om Claim 1 . Further, Claim 1 
has been amended to define that the first area S, is adjacent to the gate electrode and the 
second area S2 is adjacent to the channel. Claim 6 has been amended to remove the reference 
to "the predetermined distance"originally in Claim 6. Claim 9 has been amended to clarify 
that an electric flux density in the gate insulation film on a side towards the channel side is 
more dense than an electric flux density in the gate insulation film on a side towards the gate 
electrode. Hence, it is respectfully submitted that the specific identifications of indefmiteness 
Hsted in the 35 U.S.C. §1 12 rejection have been overcome. 

Independent Claims 1, 9, and 10 have been amended, without adding new matter, to 
define semiconductor devices in which an area of a bottom part of a gate electrode in contact 
with the gate insulation film is larger than an area of an upper part of the gate insulation film. 
This feature is shown in Applicants' Figures 1 IC, 13G, 14C, 22H, and 24H which show that 
the width of gate electrode 15 at its contact with the gate insulation film 14 is larger than the 
width of the gate insulation film 14. With this configuration, not only the channel region(s) 
of the semiconductor devices defined Claims 1, 9, and 10, but also the source, drain, element 
isolation, and gate contacting regions can be widened as shown in comparison Applicants' 
Figure 12C with Applicants' prior art Figure 12A. 
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In the gate electrode shown in Krivokapic et al , since the gate electrode is embedded 
in a Damascene trench (i.e. the trench established by the sidewalls of the polysilicon spacers 
194 and 196), the width of the gate electrode in contact with the gate insulation film (i.e the 
width of the gate metal layer 220 in contact with the gate oxide 210) is constrained by the 
polysilicon spacers 194 and 196. Thus, the feature of an area of a bottom part of a gate 
electrode in contact with the gate insulation film being larger than an area of an upper part of 
a gate insulation film is not disclosed or suggested in Krivokfip ir. 

Furthermore, while the gate structure in Krivokapio et al concentrates electric flux, 
the width of the gate electrode cannot be adjusted, and the resistance of the gate increases as 
the trench dimensions decrease. Accordingly, device performance in Krivnk;,p ir et .1 cannot 
be improved. In contrast, as shown in Figures 13G, 14C, 22H, and 24H, since the width of 
the gate electrode can be substantially larger than the gate insulation film. Applicants submit 
that a proper resistance for the gate electrode can be obtained, thereby achieving a high- 
performance transistor. 

With Krivokapir. Pt a l not disclosing or suggesting an area of a bottom part of a gate 
electrode in contact with the gate insulation film being larger than an area of an upper part of 
the gate insulation film, as defined in Claims 1, 9, and 10, it is respectfiilly submitted that 
Claims 1, 9, and 10 and Claims 2-8 which depend fi-om Claim 1 and Claims 11-12 which 
depend from Claim 10 patentably define over the applied prior art. 
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Consequently, in view of the present amendment and in light of the above 

discussions, the outstanding grounds for rejection are believed to have been overcome. The 

application as amended herewith is believed to be in condition for formal allowance. An 

early and favorable action to that effect is respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEU^STADT, P.C. 
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Serial No: 09/340, 7?.0 
Amendment Filed on: 2/15/2007 



TNTHF.TTTT.F 
Please amend the title on page 1, line 1, as follows: 

[SEMICONDUCTOR DEVICE] MOSFFT H A YTNG HTaH AND T ,OW DTF J P.CTRTC 
MATRRTAT.S 

TNTHFCr.ATM.^ 
Please amend the Claims as follows: 
1 . (Amended) A semiconductor device comprising: 

a channel of a first [conductive] conductivity type formed on a surface layer of a 
semiconductor substrate; 

a source and a drain of a second [conductive] conductivity type formed on both sides 
of the channel; 

a gate insulation film with a first relative permittivity formed at least on said channel 
directly or through a buffer insulation film; 

a gate electrode formed on said gate insulation film; and 

a side insulation film formed at least on a side of said gate insulafion film and having 
a second relative permittivity which is smaller than the first relative permittivity, wherein 

when [assuming that an] a first area of said gate insulation film, [which is] the first 
area being adjacent to said [surface layer on a] gate electrode [side], is S„ and [an] a second 
area thereof, [which is] the second area being adjacent to [said surface layer on] said channel 
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[side], is S2, the area SI is larger than the area S2. anH ^re. of p hnfton. p.rt ^^i^^ 
electrode in rontart with the g^t^ insulation fiirn is larger th a n SI 

6. (Amended) The semiconductor device according to Claim 1, wherein a sectional 
shape [along a direction of the source-drain] of said gate insulation film alonp ^ H.rP.Hon 
fi-om the gate electrode to said ch an ne l [the predetermined distance is a rectangle, and] is one 
of a tapered shape, a trapezoid, a sector, and a stair [on channel side therefrom]. 

9. (Amended) A semiconductor device comprising: 

a channel of a first [conductive] conductivity type formed on a surface layer of a 
semiconductor substrate; 

a source and a drain of a second [conductive] conduc tivi ty type formed on both sides 
of the channel; 

a gate insulation film with a first relative permittvity formed at least on said channel 
directly or through a buffer insulation film; 

a gate electrode formed on said gate insulation film; and 

a side insulation film formed at least on a side of said gate insulation film and having 
a second relative permittvity which is smaller than the first relative permittivity, 

wherein an electric flux density in said gate insulation film on a side towprHs the 
chamiel side is more d en s e [closer] than [that] an ele ctric flux density in s.iH ..t. .'n ^Hhti-n 
film on a side toward , the gate electrode, [side] and an .r.. of. hptton. p.rf nf c.j^ g,t^ 
electrode in contact with th e Pa t e insulation film is larger th.n .n .r.. .,pp., .^-^ 
gate insul ation film 

10. (Amended) A semiconductor device comprising: 

a plurality of first MOS [type] transistors, each of said first Mn.s tran^ist-r-i 
including, [comprising] 
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a first channel of a first [conductive] condnctivity type formed on a surface layer of a 
semiconductor substrate, 

a first source and a first drain of a second [conductive] condnntivity type formed to 
both sides of said first channel, 

a first gate insulation film w^ith a first relative permittivity formed at least on the first 
channel directly or through a buffer insulation film, 

a first gate electrode formed on said first gate insulation film, and 
a first side insulafion film formed at least on side of said first gate insulation film and 
having a second relative permittivity which is smaller than the first relative permittvity; and 

a plurality of second MOS [type] transistors, each of said second MPS trp^ns^f^tnrc 
including, [comprising] 

a second channel of [a] the first [conductive] conductivity type formed on a surface 
layer of said substrate, 

a second source and a second drain of [a] the second [conductive] conducfivity type 
formed on both sides of said second channel, 

a second gate insulation film with the first relative permittvity formed at least on said 
second channel directly or through a buffer insulation film, 

a second gate electrode formed on said second gate insulation film, and 
a second side insulation film formed at least on side of said second gate insulafion 
film and having [a] said second relative permittvity [which is smaller than the first relative 
permittvity], 

wherein, when a cross-section on aside of said first channel [side of said first gate 
insulafion film is assumed to be] SI, a cross-section on a.side_Qf said first gate electrode 
[side] is [assumed to be] S2, a cross-secfion on a_sid£_Qf said second channel [side of said 
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second gate insulation film is assumed to be] S3, and a cross-section on a side of ..iH second 
gate insulation film is [assume to be] S4, a condition of: 

S2/S1 >S4/S3 
is satisfied,and 

an area of a bottom part of said first gate elertroH p in contort with the fir^t a.t. 
insulation film is lar ge r than a n area of an unner part of firct in.ni.ti.r. fii^ and nn 
area of a bottom part of said second rate elertmde in mr^f.^t ^ y ^t h the ...o.^ ^^tf in^ulnfinn 
film is larger than an area of an unner part of said .er.nnH a .^ e insnl^tinn film 
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